Retinal vascular events are perceived to be related to various cardiovascular complications. We conducted a systematic review to assess the relationship between retinal artery/vein occlusions (RAO/RVO) and the incidence of mortality, stroke, and myocardial infarction (MI). A comprehensive electronic literature search selected 93 relevant studies between 1992-2015: 16 articles qualified for inclusion (7 for mortality rate and MI, 11 for stroke). No published articles examined associations of RAO to mortality or MI, but only to stroke. Because of the heterogeneity of studies, no meta-analysis was performed. The association with mortality risk was highest at~34.7% in RVO subgroup; whereas for MI, the risk was comparatively lower at 3.9-5.7% for RVO. There was no significant difference in stroke rate when comparing central and branch RVO subgroups (6.5%), but was significantly higher at 19.6-25% in RAO. There is a positive association of retinal vascular events to mortality, stroke, and MI. RAO is associated with a higher risk of stroke. Given that RAO and RVO patients would generally present to ophthalmologists, their high cardiovascular risk should include a referral for cardiovascular assessment as part of their management protocol.
Introduction
Retinal vascular occlusion is the second most common cause of blindness from retinal vascular disease after diabetic retinopathy. [1] [2] [3] The terminology broadly includes retinal vein occlusion (RVO) where retinal vascular blockage involves the retinal veins, and retinal artery occlusion (RAO) where the blockage is at the retinal artery tributary. The prevalence of RVO is estimated to be 0.7-1.6% of the general population, 1,2 whereas RAO is much less common.
Whilst RVO is commonly characterised by a localised thrombus formation, often aggravated by external compression on the retinal vein from atherosclerotic retinal artery; RAO is a thromboembolic event lodged by a plateletfibrinous embolus in the bifurcation of retinal artery, commonly from a remote atherosclerotic arterial disease. Although both RAO and RVO can lead to significant visual disability, RAO is regarded more as an ophthalmic emergency and as the ocular analogue of stroke. In general, retinal vascular event is well known to be associated with common underlying systemic risk factors include hypertension, ischaemic heart disease, diabetes mellitus, and carotid artery disease. As far as we are aware, a systematic review investigating the associations of retinal vascular events to mortality, strokes, and myocardial infarction (MI) has not been previously performed.
Our objective was to conduct a systematic review to assess the relationship between retinal vascular events (RAO and RVO) and the incidence of mortality, stroke, and MI.
Materials and methods
A comprehensive literature search using PubMed/Medline was performed electronically, yielding 93 articles published between 1992 and January 2015. The search terms used in combination were 'retinal vein occlusion', 'retinal artery occlusion,' 'mortality', 'stroke', 'CVA', 'cerebrovascular accident', and 'myocardial infarction'.
The articles obtained were filtered on the basis of relevancy of abstract and the title. The selection criteria prepared were intended to include studies that concerned the relationship between RAO and RVO with mortality, stroke, or MI incidence. Therefore, articles that were reviews or case reports were excluded. Only articles in the English language were included in this review.
We excluded studies that detailed focus on comorbidities associated with RAO and RVO such as diabetes and hypertension, as the main purpose of the systematic review is to identify RAO or RVO and its specific relationship to mortality, stroke, and MI occurrence alone. For articles achieving the eligibility criteria stated, the full text was obtained and the reference lists were scanned for further relevant articles. Because of the heterogeneity of studies, no meta-analysis was performed.
Of the initial 93 articles selected, 27 papers were screened in full, then three were excluded for not focusing on stroke or MI, four studies investigated RVO epidemiology and recurrence, and four studies investigated the pathophysiology of RVO. Finally, 16 studies qualified for inclusion in this review with mortality rate and MI being the focus in seven separate studies, and stroke in 11 studies (Figure 1 ). Of these studies, only two were based on RAO, 13 on RVO, and one on both RAO and RVO.
In the literature obtained, RAO and RVO are classified according to where the blockage is located. Occlusion of the central retinal vein is referred to as central retinal vein occlusion (CRVO) and obstruction at any distal venules is referred to as branch retinal vein occlusion (BRVO).
Results

Mortality rate in RVOs
We identified four case-control studies and three caseseries assessing the association between RVO and mortality risk (Table 1) . 2, [4] [5] [6] The largest case-control study had a propensity-matched design. 4 There were no studies reporting on the association between RAO and mortality. Table 1a shows the mortality rates ranged from 3.0 to 33.4% in controls and 8.2-33.8% in RVO patients. The larger difference is reported by the smaller sample size studies, but insignificant in the largest study. Some subgroups analyses showed only a slightly higher mortality rate of 30.1-34.7% in CRVO, compared with 22.6-33.3% in BRVO patients. 2, [4] [5] [6] The results from case-series studies (Table 1b) show a mortality rate of 16.7-19.2% in CRVO patients and 15.6-43.8% in BRVO patients, compared with a cited figure of 44.2% in the expected background population. [7] [8] [9] For example, Tsaloumas et al 7 concluded MI as the main cause of death in the RVO patients, being significantly higher (23.1%) compared with the background population (14.4%). The other two studies did not find any difference between presence of RVO and subsequent mortality rates. The mean follow-up duration was much longer than in the case-control studies.
Stroke rate in retinal vascular events
There were eight case-control studies that reported on the association of stroke in retinal vascular events and two of these studies included the RAO category (Table 2) . Table 2a shows reports on seven case-control studies: a stroke rate of 6.7-35.1% in RVO patients compared with 2.1-19.9% in controls. 4, 5, [10] [11] [12] [13] [14] All except one study indicated a positive association with stroke risk amongst RVO patients. 4 ,5,10-13 Shih et al 4 reported no significant difference in stroke rate when comparing the CRVO (6.4%) and BRVO (6.8%) subgroups, but RVO remained a significant predictor for stroke development (after adjustment) among the age group of 60-69 years. 14 Two studies also recorded transient ischaemic attack occurrence alongside stroke incidence. 11, 13 Figure 1 Flow chart on studies selection. Positive association combined RAO and RVO in one eye of 20%, but not any higher than the groups with lone RAO or RVO. Table 2c summarises findings from three case-series studies, which found no positive association between RVO and stroke, with a low stroke rate of 1.3-1.8%. 7, 8 One study reported a 74.2% risk of developing asymptomatic cerebral infarction. 16 Figure 2 illustrates a forest plot of hazard ratios for the associations of RVO and mortality, stoke, and MI.
MI rate in RVOs
Discussion
Retinal vascular events would have been expected to relate to mortality, stroke, or MI. This systemic review confirms their positive associations. The association with mortality risk was highest at~34.7% in RVO subgroup; whereas for MI risk was comparatively lower at 3.9-5.7% for RVO. There was no significant difference in stroke rate when comparing central and branch RVO subgroups (6.5%), but was significantly higher at 19.6-25% in RAO (summarised in Table 4) . 2, [4] [5] [6] [7] 10, 13, 15, 17 The relationship between retinal vascular events and the various cardiovascular complications perhaps represents the presence of co-morbidities common to all. Conditions such as hypertension, hyperlipidemia, carotid artery disease, and diabetes mellitus are common risk factors associated with cardiovascular morbidity and mortality. Large population-based studies have confirmed significant relationships of various systemic cardiovascular risk factors with RVO, for example, hypertension, hypertriglyceridemia and renal dysfunction. 1 This would explain the higher rate of mortality as RVO relates to and includes many 'high risk' factors, not just specific to death related to stroke or MI.
Specifically, we found no published studies linking RAO with mortality or MI. The only two studies providing RAO data were focused on stroke, from Denmark and Taiwan, as both countries have well established national database tracking systems for diagnosis. The risk of stroke in RAO patients was significantly higher compared with RVO (Table 4) . 4, 5, 10, 13, 15 This is perhaps consistent with expectations, based on their pathophysiological associations. The Danish study also found that in patients with established atrial fibrillation and coexisting RAO or RVO could accentuate the risk of incident stroke. 13 As some of the increased risks associated with RVO were attributed to other adverse cardiovascular co-morbidities in these patients, it is more likely that RAO and RVO remain important independent predictors of future stroke in patients suffering from atrial fibrillation.
Limitations
Our systematic review was able to obtain useful data for the RVO group, but relatively few published papers were available for RAO group. A possible explanation is that RAO patients often acutely present to ophthalmologists and are immediately referred to the 'stroke unit' for a systemic workup, often without further review arrangements in the eye department. Each published study varied in length of follow-up ranging from 3 to 13 years, making valid comparisons and meta-analysis difficult tasks. There was also a wide range in study sample sizes in the published case-series and case-control studies, ranging from as low as 31 patients to many thousands of studied subjects. Most of the larger case-control population studies do confirm the positive association of retinal vascular events to cardiovascular events. 4, 5, 10, 12, 17 Certain studies involved different ethnic groups, age ranges, and lifestyle-related risk factors, and their results may not be necessarily applicable for direct comparisons. Older age was associated with a higher prevalence of RVO and agestratified mortality (men and women 60-69 years of age) in almost all studies, and one non-controlled study from Taiwan reported a higher morbidity and mortality amongst younger (age o40 years) CRVO patients. 5, 19 In addition, not all patients with retinal vascular events would be routinely referred to physicians for cardiovascular assessments. Some studies conducted by physicians rather than by eye specialists may only include data from patients with retinal vascular events who were specifically referred to their unit. Finally, less precise diagnosis or coexisting disease(s) such as diabetic retinopathy plus RVO, may have led to misclassification.
Conclusion
There is a positive association of retinal vascular events to mortality, stroke, and MI. RAO is associated with a higher risk of stroke, but few studies have examined its relationship to mortality and MI. Given the high overall risks compared with the normal general population, further studies are needed to define this relationship, the impact of cardiovascular prevention strategies, and the impact of early treatments in the eye department when these patients first present. As RAO and RVO patients would generally present to ophthalmologists, their high cardiovascular risk would imply that a cardiologist's assessment would be necessary as part of their management protocol. Daiichi-Sankyo. The remaining authors declare no conflict of interest.
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